When spleen cells of 5-fluorouracil (5-FU)-treated mice were cultured in the presence of interleukin 3 (IL-3), most colonies revealed IL-3 concentration-dependent colony formation except for mast cell colonies and blast cell colonies. While most colonies were smaller in lower concentrations of IL-3, the size of the blast cell colonies were similar between high and low IL-3 groups. These data suggested that blast cell colony development requires less IL-3 than the development of multilineage colonies from blast cell colonies. This notion was supported by experiments in which IL-3 was added twice to cultures of spleen cells of 5-FUtreated mice. When low concentrations of IL-3 were added on day 7, there was a reduction in the number of multilineage colonies formed without an effect on the number of blast cell colonies. Using this information, we developed a culture system that favors blast cell colony formation by cells of normal mice. When low (20 U/ml) concentrations of IL-3 were added to cultures of spleen cells of normal mice on day 7 of incubation in media containing 2-5% fetal calf serum, blast cell colonies were the predominant colony type. The blast cell colonies revealed high but variable secondary replating efficiencies. These data suggest that multipotential progenitors may become less sensitive to IL-3 as they differentiate in culture.
Introduction
Hemopoietic blast cell colonies have high replating ability and self-renewal capacities (1) and promise to be important for studies of the mechanisms of proliferation and differentiation of early hemopoietic progenitors. For example, analysis of the distribution of cells forming secondary blast cell colonies from individual primary blast cell colonies has suggested a stochastic mechanism of self-renewal of multipotential progenitors in culture (2) , consistent with earlier studies of spleen colony-forming units (CFU-S) (3) . Studies of individual cells isolated from blast cell colonies have suggested that differentiation is also a stochastic process in which stem cells randomly become restricted in lineage potentials (4) (5) (6) . More recently, studies of the effects of interleukin 3 (IL-3) on blast cell colony formation suggested that IL-3 provides a permissive milieu for the proliferation of early progenitors in culture but does not trigger stem cells in Go to begin proliferation (7) .
A drawback in the use of blast cell colonies is their low incidence, which makes it extremely difficult to identify them in cultures of normal cells. Only 1-2 blast cell colonies may be identified in a dish containing many large and often macroscopic mixed hemopoietic colonies (1) . Pretreatment of mice by injection of high-dose 5-fluorouracil (5-FU) significantly enriches marrow and spleen cells for blast cell colony-forming units (8) . However, exposure to cancer chemotherapeutic agents may make these colonies undesirable for certain types of experiments. Earlier we reported on the cell-cycle dormancy of progenitors for blast cell colonies and the absence of the requirement for IL-3 by these cells (7) . In contrast, maturer hemopoietic progenitors that are more active in cell division are known to require constant availability of specific colony-stimulating factors. Our recent studies of hemopoietic progenitors in serum-free culture have provided preliminary information that blast cell colony formation may require less IL-3 than multilineage colony formation (9) . In the current investigation, we extended this observation and applied the concept to development of a culture system that favors blast cell colony formation by cells of normal mice.
Methods
Purified IL-3. IL-3 has been purified to homogeneity as previously described (10 (Fig. 1 B) . complete culture medium for analysis of secondary colony formation. As shown in Table II , blast cell colonies grown in the presence of high (200 U/ml) and low (25 U/ml) IL-3 revealed variable replating efficiencies for different single and multilineage colonies. Together the data presented in Tables I and II and Fig. 1 suggest that the process of blast cell colony development is relatively sensitive to IL-3 and requires a small amount of IL-3, whereas the process of colony development from a blast cell colony to a multilineage colony requires a larger amount of IL-3. Repeated addition ofIL-3. We tested the above notion using a different experimental approach. We previously demonstrated that new blast cell colonies continue to appear and grow with relatively constant cell doubling time when spleen cells of 5-FU-treated mice were cultured (8) . These data indicated that multipotential progenitors are dormant in cell-cycle and begin to divide randomly. The repeated addition experiment consisted of one control and two experimental groups of quadruplicate dishes, each containing 6 X 10 spleen cells of 5-FU-treated mice per dish. The control group was our standard culture (7) and contained 200 U/ml of IL-3 added on day 0 of incubation. The two experimental groups received 20 U/ml of IL-3 on day 0 and either 200 or 20 U/ml of IL-3 on day 7 of incubation. The colonies were counted on day 16 of incubation except for blast cell colonies, which were followed until day 20. The design of the experiments and the results are presented in Table III . Fewer GMM and GEMM colonies were supported by 20 U/ml IL-3 than by 200 U/ml IL-3 added on day 7. This result suggested that multilineage colony formation requires high concentrations of IL-3. While there was some delay in the appearance of blast cell colonies in the experimental groups, the total numbers of blast cell colonies in these groups were comparable to the control group. The blast cell colonies seen between day 16 and day 20 probably represented late-emerging blast cell colonies (7, 8) . These data indicate that 20 U/ml IL-3 is sufficient to support blast cell colony formation.
Culture system thatfavors blast cell colonyformation by cells ofnormal mice. Cell-cycle dormancy and the ability to proliferate in low concentrations of IL-3 raised the possibility of the development of selective culture conditions for blast cell colonies. Consequently we plated I X 106 spleen cells from normal mice in the presence of 30, 5, or 2% FCS in the absence of EP and IL-3. On day 7, 20 U of IL-3 in 0.1 ml a-medium was layered over each dish. Blast cell colonies and GM colonies and clusters (<50 cells) developed (Table IV) . Very infrequently small mast cell colonies and immature GMM colonies ( 11) were seen. Most of the GM colonies and clusters were macrophage in nature. A representative blast cell colony seen in cultures with 5% FCS is shown in Fig. 2 A. On days 16-20, blast cell colonies were counted and the number of cells in each colony estimated. The individual blast cell colonies were then replated into cultures containing 200 U/ml IL-3 and 2 U/ml EP. The number of GM colonies and clusters could be decreased by reducing the concentration of FCS (Table IV) . Reduction in FCS and supplementation ofthe culture medium with transferrin, lecithin, cholesterol, and sodium selenite did not affect blast cell colony formation. The information on colony size and the replating capabilities of the blast cell colonies grown in the presence of 2 or 5% FCS and with delayed addition of 20 U/ml IL-3 is presented in Table V . Varying but high replating efficiencies are shown. The secondary colonies included some multilineage colonies such as GEMM colonies. A representative multilineage colony seen in secondary culture is shown in Fig. 2 B. The size and composition of the multilineage colonies seen in replating experiments is presented in Table VI . The sizes and types of these colonies were comparable to those present in standard serum-containing cultures (7).
Discussion
Several laboratories have attempted purification of murine and human progenitors. Some used combinations ofphysicochemical cell separation techniques (16) (17) (18) (19) and others used single or combinations of monoclonal antibodies (20) (21) (22) (23) . We have developed murine and human blast cell colony assays that provide highly enriched cell populations of hemopoietic progenitors (1, 24) . A major drawback in the identification ofblast cell colonies in culture is the coexistence of macroscopic colonies derived from maturer progenitors. This is a particularly difficult problem in cultures of human cells, since 5-FU cannot be used to enrich for early progenitors. In the current study, we have described a culture system that favors murine blast cell colony formation based on biological differences between early and late hemo- (7, (25) (26) (27) (28) . We have shown that IL-3 does not stimulate stem cells in Go state to begin active cell proliferation, but rather provides a permissive milieu for the continued proliberation ofearly hemopoietic progenitors (7) . The various types of colony-stimulating activities assigned to IL-3 thus appear compatible with the permissive role of IL-3 in support of the intrinsic stochastic differentiation of hemopoietic stem cells. In this paper, we presented evidence suggesting that sensitivities of multipotent progenitors to IL-3 may decline as these cells differentiate in culture. If the activities of ILA3 on hemopoietic progenitors are mediated by receptors, it may suggest expression of receptors with lower affinities to IL-3 or a declining number of IL-3 receptors during stem cell differentiation. Receptor models similar to the latter type have been proposed by Till (29) and Iscove et al. (30) . Alternatively, early progenitors may have more efficient transduction of the growth signal provided by IL-3. 
